In the last five years there has been a sharp increase in activity, both experimental and theoretical, in the study of collisions between energetic nuclei. Here I would like to review briefly the present status of this field of research with particular emphasis on recent developments. Because of time limitations I will have to omit a number of relevant and interesting topics such as hadron-nucleus interactions at very high (20 -400 GeV) energies. Fortunately there are several recent reviews on this subject 1 ,2,3). In any case I would like to apologize in advance to all those who may feel slighted (or offended) by my remarks.
I think it is important at the outset to spend just a little time discussing the physics behind these experiments. Are we really exploring basically new domains of physics, are we getting new insights into existing questions of interest, or are we (as some of my colleagues, have suggested) simply making our lives difficult by studying particle interactions in a messy and complicated environment? For each of these questions the answer is probably ~, and I leave it to the interested spectator to classify the results presented here accordingly.
The title of this Conference "High Energy Physics and Nuclear Structure" very aptly characterizes the physics which is involve~. The high energies allow us to study the nuclear structure of the individual participating nuclei especially in peripheral processes where we can kinematically separate fragmentation processes associated with the target from those coming from the projectile. The high energies are also important in that they make possible the study of relativistic components of nucleon wave functions. Experiments with energetic nuclei have been undertaken to determine cluster structure, density fluctuations, high internal momentum components of the constituent nucleons, and it may not be too far fetched to hope that in such high energy reactions we may even learn something about the quark structure of nuclei. In central collisions high energies are needed if we are to produce nuclear matter under extreme conditions of temperature, density and pressure, which in turn could conceivably lead to such new phenomena as density isomers or even new stable forms of nuclear matter 4 ), pion condensates 5 ), shock waves 6 ), and other exotic processes. The distinction between central and peripheral processes is of course not clear cut, especially for the experimentalists. Operationally such interactions Are characterized on the basis of the multiplicity of the emitted fragments (including pions) the presence or absence of fast forward moving particles, the transverse momentum distributions, and various correlations between the detected particles. The use of nuclei gives us new degrees of freedom in studying high energy interaction mechanisms. At high enough energies (e.g. ~ FNAL, SPS) it may well become possible to study the space-time development of particle production. Already nuclei have been used to investigate the interaction between resonances and nucleons.
Wit~ the vast amounts of new data it becomes imperative to find means to present results as simply and as clearly as possible. In this respect the traditional double differential cross section as a function of angle and energy is usually not very appropriate. Rather, Lorentz invariant cross sections as a function of Lorentz invariant variables often greatly facilitate the comparison of experiments with each other and with the predictions of theoretical models.
II. Single Particle Inclusive Spectra
Perhaps the most popular experimental activity has been the measurement of single particle inclusive spectra. The reasons are simple: the experiments tend to be relatively straight-forward and the theoretical interpretations may not be completely impossible. Among the contributions to this conference are some 9 papers dealing with this subject. More new results can be found in preprint form and in published articles 7 -15). The objectives of such studies is varied, ranging from attempts to determine the dominant interaction mechanisms to getting direct information about nuclear structure.
Much interest has focused on establishing the relation between hadron-hadron, hadronnucleus and nucleus-nucleus collisions to see what features are common to these reactions. The emphasis here is mostly on high-energy processes with the aim of determining the essential parameters which control the asymptotic behavior. The concepts of limiting fragmentation, scaling and factorization as applied to nuclear reactions have been and continue to be subjected to many tests. Of great interest also is the study of high p~phenomena. Here the intent is to probe more deeply into the short distance structure of nuclear matter. Of course interaction mechanisms are closely related to the structure of the interacting systems and a topic which has received much attention is to what extent several nucleons participate jointly in these reactions. The term cumulativity has be~n introduced by the oubna group16) to characterize such communal happenings. The effects of high internal momentum components of constituents in nuclei and multiple hadronic scattering also play important roles in many of these reactions and it is not easy to untangle and isolate unambiguosly the various contributions to the observed spectra.
I would like to separate the nucleir structure aspects of these single particle inclusive experiments into two categories: (1) "N6rmal" or "Traditional" topics such as for example the cluster structure in nuclei, the density distributions of the constituent neutrons and protons, and (2) "Abnormal" or "New" topics related to the behavior of nuclear matter under extreme conditions of temperature, pressure and density. The interpretation of these experiments is unfortunately still very model dependent and definitive conclusions are consequently not yet possible. Still a great deal of activity has been and continues to be dedicated to this problem, both experimentally and theoretically.
Single particle inclusive spectra have been measurnd over a wide range of kinematic variables, and for a variety of projectiles and targets. At the high energies considered here the experiments themselves fall naturally into two main groups -one involving the measurement of relatively low energy fragments associated with the target while the other focuses on highly relativistic forward moving fragments originating in the projectile. The rapidi ty diagram in Fig. 1 schematically illustrates these kinemati~ domains, and the fact that the underlying physics is the same. The shaded regions are of particular interest because there the rapidities of the emitted fragments can and often do exceed the limits attainable in free nucleon-nucleon collisions and in such cases the nuclear wave functions must play an important role.
-2- Fig. 1 Schematic illustration of the rapidity distribution of fragments in nucleon-nucleus collisions.
Speculations about the detailed mechanisms responsible for the production of particles into these/shaded kinematic regions have been plentiful, and I will have more to say about these later (see THEORETICAL MODELS).
The intermediate region of rapidity is not devoid of interest, and in particular .. proponents of "nuclear fireballs"17) have tried to find structures in the rapidity distributions which can be associated with such objects.
II.A. Some Selected Experiments

II.A.1 Projectile fragmentation
In an experiment at the LBL Bevalac, Anderson et al. 8 ) have made a systematic study of single particle inclusive spectra resulting from the collisions of relativistic light nuclei with nuclear targets. The fOllowing reactions were studied: Pro,i ect i Ie ..
Momentum distributions of protons at several values of transverse momentum for the reaction 2.88 GeV/c/N a + C + P + X. Curves are hand-drawn merely to guide the eye. The data points for a given PT do not always join continuously since the value of PT is not exactly constant.
chambers. Fig. 2 gives an example of the data obtained for the case a + C + P + X. Similar spectra were obtained for other projectiles, targets, and fragments at each incident momentum. As can be seen from Fig. 2 the emphasis in this experiment was on the projectile fragmentation region although the no-man's land between target and projectile momentum was also covered.
Some typical results are shown in Fig. 3 to Fig. 9 . Already in Fig. 2 we see that the momentum distributions in the lab system are not symmetric about the peak position. Nor do they become symmetric when they are transformed to the projectile's rest frame as can be seen in Fig. 3 , the difference 5jingdue at least in part to the longitudinal momentum transfer between projectile and the target. Furthermore the region to the left of the peak in Fig. 2 (and the ., .. ~,C?rresponding region labelled PE roj < 0 in Fig. 3 is just where target and projectile fragmentations ultimately have to merge in -c6~frast to the region to the right of the peak in Fig. 2 which must fall to zero because of energy-momentum conservation. In Fig. 4 comparison is made between the pproj > 0 "l, distribution for Pi 0 and the PL distri-
. Momentum distribution in the projectile frame for proton produced at PT = 0 in the reaction 1.75 GeV/c/N a + C + P + X. The distribution is clearly not isotropic in the projectile frame. We see that the p~ distribution is much broader. In this case the transverse momentum transfer is the culprit. In fact, whereas the width of the pproj > 0 L is dominantly determined by the corresponding internal momentum distribution of the constituents in the projectile, the transverse momentum distribution can trace its origins both to the internal momentum and to the characteristic 200 -300 MeV/c trans" verse momentum transfer which is typical of hadronic scattering processes. Although I have shown only one example of this effect here, it is quite general, at least for light nuclei, and should be kept in mind when one tries to extract internal momentum distributions from fragmentation data. It is perhaps also worth pointing out that by the time pproj ~ 0.4 GeV/c is reached the Pol. and Pu distributions differ by an order of magnitude.
The PJ, distribution of the protons in the reactIon a + C + P + X is shown in Fig. 5 for the case pproj = 0 " for three incident momenta. We see that these distributions are independent of projectile energy to an accuracy of ~ 10 %.
::- •
Transverse momentum distributions of projectile velocity of protons for tbree energies of incident alphas. The distri~ but ion is approximately limiting. Similar distributions for other fragment~ also seem to be "universal". On the other hand the pproj > 0 L distributions at fixed Pol. do not scale at high p, perhaps because of kinematical constraints imposed by energy-momentum conservation (see Fig. 6 ). The p~ distrib~tions for a + T + a + X show a very . characteristic diffraction structure when the a-fragment satisfies elastic kinematics in contrast to the Pi behavior for nonelastic sClttering as can be seen in Fig. 7 .
The xR = y *) distribution of protons---Yn p max the reaction a + C + P + X for 1.75 GeV/cl Nucleon a projectiles is shown in Fig. 8 .// ". Transverse momentum distributions of alpha particles at the incident momentum for 1.75 GeV/c/N alpha beams incident on H, C, Cu, and Pb targets. Diffraction structure is quite evident.
which their theoretical colleagues can maneuver. The AT dependence of the various fragmentation processes depends mainly on the fragment momentum, p~ and to a lesser extent on fragment type. The power n in a fit of the cross section to An is shown in - Fig. 9a and Fig. 9b for vario;Iis PF' PJ.. and fragment types. As can be seen the value of n increases markedly for very low fragment momenta as would be expected if these fragments are associated with the target. HI8 j ncrease of n wi th increasing PJ,. is reminiscent of the p~ behavior in hadronnucleus collisions at very high energies 181 
U~~o----;:,o,:-04 0.6 Fig. 9b Results of fitting the target dependence of the production of p, d, 3H, and 3He by 2.88 GeV/c/N alpha particles on C, Cu, and Pb targets. It should be kept in mind that here we are looking at the fragmentation of Uranium whereas before we looked at fragments from a-particles; furthermore, the p~ intervals are different in the two experiments. In the present case for example there are 3He fragments having kinetic energies of 100 MeVlnucleon which corresponds to a momentum of 1.3 GeV/c. other qualitative features of the data include the following: (1) All light fragment energy spectra are smooth except for an "evaporation peak" at very low energies. (2) The most neu~ron deficient isotopes exhibit spectra with a relatively higher cross section in the high energy tai 1. (5) The slope of the fragment spectra in energy/nucleon at a given angle gets steeper with increase in fragment mass. (6) Thp total yiolds of light fragments fall off with increase in mass. At energies of 30 -50 MeV/nucleon cluster emission comprises a significant fraction (about 50 %1 of the total baryonic cross section. Towards higher energies protons become predominant. (7) Increasing the projectile mass at a fixed incident anergy per nucleon leads to a small increase in the cross section for low energy fragments but to
a larger increase at high fragment energies, especially for the heavier clusters. (8) In Ne bombardment of U and Al targets besides the difference in overall absolute cross section, one finds for Al a depletion of cross section at back angles.
II.A.3 Large angle fragmentation
In another experiment with relativistic heavy ions at Berkeley Nagamiya et al. 15 ) measured pion, proton and light fragment spectra at large angles. A magnetic spectrometer together with multiwire proportional chambers and counters were used to study the following reactions:
... Inclusive pion spectra observed at various laboratory angles from 800 MaVIN Ne on NaF.
tontour plots of the inclusive proton cross sections in the (p~ , y) plane show that the double peak structure characteristic of low p~ processes at high energy gradually merges into a single broad distribution ·'~ig. 16). When we plot the proton energy distribution for the case when for a given invariant cross section the protons have their maximum transverse momentum, it turns out that the distribution is exponential with a characteristic fall-off constant of about 70 MeV (see Fig. 17 ). The AT dependence is very dependent on angle (or equivalently on p~) as shown in Fig. 18 and Fig. 19 . For protons, at very large angles, the power n in A~ exceeds 1, again very reminiscent of the high PL p-nucleus observati ons at FNAL 18) .
a. 
II.A.4. Production of pions and protons with maximum momenta
In an experiment performed at ITEP Bayukov et al. 19 ) studied the production of pions with maximum momenta in proton-nucleus Fig. 21 . For the ratio RA/Al(x) they see no significant rise, but then the approximation A = 00 is much better for Al and heavier nuclei than for Be. They also state that their observations are gualitatively consistent with production from a separately moving nucleon in the nucleus, although quantitative comparisons await detailed model calculations.
In a related experiment Belikov et al. 20 ) measured n-and proton generation at 188 mrad in proton-nucleus interactions at 9 GeV/c. They find that the shapes of the invariant cross sections, F(x), for pions and protons are similar and both extend beyond the kinematic region for scattering from a nucleon at rest (see Fig. 22 ). In the ., From their experimental fits they obtain ko (Li) ~ 85 MeV/c, ko (C) ~ 70 MeVlc, and ko (Ta) ~ 62 MeV/c pretty much independent of the type of incident particle.
Franke1 23 ) has made a detailed analysis of a large amount of fragmentation data in this general kinematic domain, and concludes that the data can be well fit by such a model which he calls "quasi-two body scaling". As we have already seen the Dubna group on the other hand prefer to interprete their results in terms of the "cumulative effect", i.e., the interaction of the projectile with a small cluster of nucleons inside the nucleus, and also get very good agreement with the experimental data. It seems to me that these seemingly different approaches may not be so different after all, and that they may represent two complementary descriptions of the same basic process.
Si~ce we have been led rather naturally into a discussion of models let us look at some of them in more detail.
II .B. The Models
The models are not quite as plentiful as the data points -but almost -as a quick glimpse of recent pUblications, preprints and Conference Contributions will show. Just as in the case of the experiments I will confine this discussion to some typical examples. No attempt will be made to be complete; rather, I would like to focus on a few ideas which seem to me to be both interesting and representative of the various approaches used. I think it is fair to say that none of these theories, at least in their present incarnations. describe the data fully, but that certain simple ideas seem to work quite well in fitting sizeable amounts of data in specific kinematic domains. It is probably fair to say that theories attempting to describe peripheral processes are in better shape than those for central collisions. I will rather arbitrarily divide the approaches into the following four categories:
(1) Micruscopic models -e.g. Glauber type models, cascades. interaction of constituents, mUltiple scattering, ... Consequently I will discuss it in somewhat greater detail than the others. It is a theoretical attempt to explain the fragmentation spectra observed in high energy nuclear collisions using a generalization of the relativistic hard-collision models of composite hadrons. Here the constituents are nucleons. The diagram in Fig. 27 forms the basis for the calculations. A Here x is a typical scaling variable, in this case defined to be the light cone scaling variable. which physically is related to the fractional momentum that particl~ a carries with respect to that of A. and kLis the transverse'momentum. The actual calculations involve approximations which are most reasonable when the fragment has a momentum substantially different from either target or projectile; i.e. when it is in the shaded regions of Fig. 1 . The emphasis is thus on the short distance behaviour of the nuclear wave function. Referring again to Fig. 27 the procedure is to take Mo from experiment for the onmass-shell case and then to extrapolate it to the off-shell case. Because at this stage of the calculations shadowing, rescattering and spin effects are neglected the theory is most applicable to the fragmentation of light nuclei. The invariant cross section, Fig. 1 for kl small
The power g depends on the nature of the interaction of the nucleons in the nucleus. They explicitly consider three cases: (2) G is peaked when x corresponds to the momentum configuration where the nucleons share equally the total momentum of the nucleus.
(3) g which controls both the x = 1 and large k~ behaviour is easy to characterize in terms bf the basic interaction and the number of constituents.
-13- The XF spectrum compared to the carbon data illustrating scaling. The prediction by the vector dominance model (c) for inclusive protons from a deuteron beam. The full curve's a fit to the quasi elastic peak using the theory in the t8xt by Schmidt and Blankenbecler. Two inclusive processes for a carbon beam illustrating the counting rules and the positions of the quasi-elastic peaks. Fig. 8 . Actually reasonable fits to the form (1-x)n can be obtained for large enough x, but the exponent, n, at times differs markedly from the predictions of model C. Similar mixed successes occur when the theoretical predictions are compared to the data of Nagamiya et al. 5 ) Still I find the model quite compelling both from the point of view of the postulated mechanisms and its ability to fit data. Among tha features of this model which seem to be of particular interest are:
(1) It is a relativistic formulation in terms .... of the structure functions G (x,k ) which can be obtained from experiment.
The counting rules based on the short range N-N interaction determine the behaviour of the fragmentation cross section. / (3) Generally good agreement with experiment has been obtained for one simple model; i.e. vector exchange with monopole form factors at each .vertex. which also agrees with other data.
(4) The vector exchange model with monopole form factors has the same counting rules as the quark dime~sional counting model. This is perhaps surprising because the energies seem too low to excite the quark degrees of freedom.
(5 ) The power g is independent of energy.
( 6) The model fits quasi-elastic scattering.
(7) The predictions for scattering at backward anglos can be checked.
(8) The model allows one to describe a region of the wave function which cannot be described in han-relativistic theories.
Type (2) theories
A number of models based on variations of the cumulative effect have been proposed recently. For example Burov et al. 25 ) have speculated on the possible existence of fluctuons in nuclei and the role they might play in the production of particles into the shaded kinematic regions of Fig. 1 . Basically a fluctuon is a localized (~ 0.5 -0.7 fm) density fluctuation which can occur whon morc than one nucleon finds itself in a small volume. Burov et al. first show that the pion production cross sections of the Dubna group26) cannot be explained with an independent particle model using normal Fermi-motion and taking into account relativistic effects of the nucleons in the nucleus. By invoking fluctuons they effectively increase tho mass of the targot and hence the anergy available to produce pions. They use a simple form for tho nuclear wave function to calculate the relative probability of finding k ~ 1.2.3 • ... nucleons inside a small volume of radius (r ~ 0.5 -0.7 fm). Here k is the order of cumulativity. The subsequent fits to the data are shown in Fig. 33 ; They then develop a microscopic theory of pion production from nuclei in which the fluctuons are tho basic constituents. Their th~ory has obvious similarity to that of Schmidt and Blankenbecler. They to"
to"
En dp; mb GeV C where xk Pj/Pfl' Using this model they get good fits to the data for both pion and proton inclusive spectra ( Fig. 34 and 
10'
p."e_p .... Comparison of theoretical cross sections in tho reactions of cumulative production of protons on n~cl8i with experiment.
Fig. J~).
They conclude that the idua of nuclear fluctuations makes it possible to quantitatively understand the main regularities of inclusive spectra resulting from proton-nucleus collisions. In this approach the experiments yield information about the probabilities of finding nucleons in a small volume of the order of the nu~leon nucleon core. which is a slightly different way of saying that such ~xpBriments determine the small distance behavior of the nuclear wave function. They suggest that it would be of considerable interest for experimentalists to study processes on nuclei involving momentum transfers considerably larger (e.g. 7 -10 fm-1 ) than those investigated at present.
In anot~er variant of the same general idea Fujita 27 ) introduces the concept of correlated clusters as a mechanism for the cumulative effect. The point here is that collisions sometimes take place from a more' extended group of nucleons which stay as they are during fast collisions at high energies. He finds that clusters involving up to four nucleons are needed to fit the backward scattering data of Frankel et al. 28) Coherent tubes 29 ) provide still another picture whereby several nucleons act jointly in producing particles and this model. too. has be~n successfully used to describe many of the general features of the data.
II.B.3 Type (3) theories
The third class of models has tended to be directed more toward a description of -16- They use the observed proton spectra to calculate the statistical probability of finding several nucleons in a small volume in momentum space. and this probability is then used to estimate the number of coalesced clusters which are formed. The model. with only one free parameter. has impressively described ~ large body of data. An example is shown in Fig. 36 .
hie: The phyiscal basis for this tail is not discussed, although it too must be related to the short distance behavior of the nuclear wave function. As the bombarding energy increases it becomes kinematically possible to investigate higher and higher internal momentum components. As stated in the discussion of the 180 0 production experiments this model has been quite Guccessful in describing the general features of such data.
I hope that this short discussion of models has at least conveyed the idea that lots of ideas are being tried and that none of them yet fully describes the observations. It seems clear that there must be a close connection between many of these seemingly different approaches. More detailed measurements, especially those involving the energy and the A dependence of these reactions will be important in refining our theoretical understanding of such processes.
III. Multiparticle Final States
In interactions of protons with nuclei at very high energy the measurement of multiparticlu final states has provided important information about the interaction mechanisms. Among the characteristic universal features of such studies are the observations that (1) the ratio
is a linear function of the parameter
(v is a measure of the number in the nucleus), and (2) that cross section for producing a multi pli ci ty <n> of collisions the partial certai n .;
(KNO scaling.) (See Fig. 37 and Fig. 38.) In nucleus-nucleus collisions it is not yet clear how to generalize (1) although several suggestions based on such concepts as "wounded" nucleons 31 ) , participants and spectators 34 ) have been postulated. The descriptions depend on the kinematical domains into which the observed particles are emitted. So far, KNO scaling seems to be satisfied in nucleus-nucleus collisions 21) . Evidence for KNO scaling in hadron-nucleus collisions. Multiplicity distributions in n--Ne collisions are plotted, using the data by Elliot et al.
Multiparticle final states have an important bearing on questions relating to the existence of shock phenomena, pion condensates, and other "exotic" processes. One of the major problems in t~is field is to know what to expect even if only "normal" processes take place. Up to now the various theoretical calculations disagree with each other and with experiment by factors 2 -5 and consequently it has not yet been possible to arrive at definitive conclusions.
The present status of shocks seems to be that there is nqthing shocking to report. The observation by Baumgardt et al. 6 ) of sharp peaks in the angular distribution of heavily ionizing particles emitted in high multiplicity events when various nuclear projectiles at various energies interact with Agel are still tantalizing but have not been seen in other subsequent experiments 35 ,36) .In a contribution to this conference Toneev et al. 37 )report that their analysis of the available data indicates that the formation of high density nuclear shock waves has not yet been proved experimentally.
IILA. Some Selected Experimental Results
III.A.1. Pion mUltiplicities at threshold
The subject of pion mUltiplicities in nucleus-nucleus collisions has stimulated both experimental and theoretical activity. For example in a recent paper McNulty et al. 38 ) report on an experiment to measure "threshold" pion production in the collision of 50 -280 MeV/n Ne in emulsions. The pion identification is based on ionization. Their analysis leads them to conclude that (1) pions are emitted in 70 % of all interactions, (2) the average pion multiplicity per pion producing event is <nn> = 2.8 (although they do not state if this includes neutral pions), (3) the production of low energy pions is a very steep function of the energy of the Ne projectiles (see Fig. 39 ), (4) the observed energy spectrum of the pions peaks at about 100 MeV, although they state that pions with energies below 50 MeV would not be recognized. They then compare their results to an independent particle model calculation by Bertsch 39 ) and find disagreement. On the other hand the fact that they find reasonable agreement with the pion condensation model of Kitazoe et al. 40 ) leads them to state that their results "can be interpreted as evidence for pion condensation of the form described by Kitazoe and co-workers"38). It should be pointed out that th8ir experimental 
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number of charged fragments are shown Tn Table I . We see that this ratio rises sharply with increasing energy, but that it is roughly independent of projectile and target. These results are difficult to reconcile with those of McNulty et al. who claims to observe higher average multiplicities at lower energies compared to this experiment.An example of the angular and momentum distributions is shown in Fig. 41 .
... Cos Blob 20r-----------. The dispersion of the multiplicities in nucleus-nucleus collisions, from Baldin 21 ) .
comparison of the multiplicity distributions for pp and a-nucleus interactions is given in Fig. 43 a to f. The data are compared at the energy corresponding to
These figurt>s ItJ"Jl ilJustrate the assertion that thlc) tram;iLion from nucleon-nucleon to nucleus-nucleus is in a certain sense equivalent to the transition of the n-n system to higher energies. .001 . c.
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III.B. Theoretical Models of Multiparticle Production
Many of the same theoretical models used to describe single particle spectra also can be used to calculate multiparticle final states. Howe~er,uncertainties associated with the underlying assumptions as well as 
41
Momentum spectra of scattered 4He at various angles. The dotted lines on each spectrum are drawn to guide eye. Ouoted errors arc statistical only. A systematical error of ± 5 % due to normalization uncertainties, must be added.
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In both cases the cross sectidn is strongly peaked forward and decreases rapidly with Itl. They observe a strong mass -It I slope correlation. All of these features are consistent with a diffractive Deck-type mechanism. The r~tio of real to imaginary part for the elasLic pa amplitude from Coulomb interferEJnce experiments, Baldin 21J .
In the domain of light nuclei at very high energy: dd interactions have been studied at the CERN ISR47). (Those of you interested in nuclei at these very high energies may bH pleased to ~now that it is possible in principle, and without extensive modifjcations, to inject other light nuclei into the ISR or to accelerate them in the SPS.) The ISR dd uxperiment was mainly directed toward stUdying diffractive disso~iation of neutrons on deut~rons. An example of the type of results obtained with the Split Field Magnet detector is shown in Fig. 49 . In addition to the broad low effective ~-p m~ss peak there is considerable production of a narrow peak at ~ 1690 MeV. In the course of this experiment they also measured differential cross sections for pd nnd dd elastic scattering. Effective mass spectrum of pn obtained in dd reactions at ISR, CERN.
V. Summary and Outlook
Research involving high energy nuclei has grown impressively during the past few years. The experiments have become both much more extensive, covering much broader kinematical domains. and more refined. I have tried by presenting some examples to convey a general picture of present activities in this field of study and thereby also to illustrate the underlying physics. I have perhaps over-emphasized experimental results near the kinematic boundaries -the shaded regions of Fig. 1 but I think these regions are of particular interest because they give new information about the short-distance betiaVior of nuclear wave functions. The variety of theoretical approaches to explain such phenomena is great, but basically they are all attempts to describe this shortdistance behavior. There is still no theory which explains all the observations completely, but nevertheless very significant progress has been made in our theoretical understanding of these phenomena. The very extensive measurements of single particle inclusive spectra as a function of bombarding energy, projectile type, target, fragment type and momentum have started to show certain regularities and patterns which in tuin reflect the dominant interaction mechanisms.
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The present situation with respect to "new" phenomena 15 still murky. The problem here is that we do not understand ordinary nuclear physics well 8nough, so unless the observed effects are really startling we have great difficutly resolving the extraordinary from the ordinary. In my perhaps overly conservative opinion there is not yet any convinving evidence that nuclear shocks, pion condensates or other "abnormal" phenomena have been"observed. On the other hand the experiments do not rule out the possibility that such effects are indeed taking place, and it seems claar that this area of research will continue to be actively pursuod.
The study of multiparticle states is still at its infancy and here both experimental and theoretical refinements are needed. The relation between multiparticle production in hadron-nucleus and nucleus-nucleus interactions at high energies is just starting to be established.
What about the future? Many fascinating problems remain to be resolved, and it will be a challenge to both experimenters and theor[sts to come to practical grips with them. Technically the outlook is promising.
The acceleraturs continue to improve in performance hoth in the intensity and quality of the available beams and the variety of projectiles available. A new generation of spectrometers and detectors are coming into operation and promise to yield data of even higher quality.
Especially in the field of multiparticle final states we can expect significant developments in the next few years.
It Is fun to speculate about such fascinating topics as the space-time structure of nuclear interactions at high energy, the quark structure of nuclei (e.g. is the short range repulsion between nucleons simply a consequence of the Pauli Principle applied to the quark constituents?), the role of nuclci in the "new" spectroscopy of charm and color. Perhaps experiments with nuclei at suffiCiently high energies can give us some new insights into these and other questions. 
